Introduction
Sudden hearing loss is considered an otologic emergency. The etiology of sudden sensorineural hearing loss remains unknown in most patients; such hearing loss is classified as idiopathic. Idiopathic sudden sensorineural hearing loss (ISSNHL) is a common clinical finding, accounting for 1% of all cases of sensorineural hearing loss. 1 The hearing prognosis in individual cases is quite uncertain. Prognostic factors for ISSNHL have been reported in several studies. The shape of the audiogram has been demonstrated to correlate with hearing recovery in many such studies. In an article by Kuhn et al, the classification method was not mentioned, so it is thought to have been empirical. 2 The purpose of most pattern detection methods is to represent the variation in a dataset in a more manageable form using classes or characters. The two main approaches for managing large datasets are principal component analyses and cluster analyses. 3 Cluster analysis, or clustering, is used to group large numbers of persons, jobs, or objects into smaller groups of mutually exclusive classes in which the members have similar characteristics. The ultimate objective is to develop clusters whose configurations are such that each entity in the analysis is classified into a single unique cluster. The product of this analysis is referred to by a variety of terms, including types, groups, classes, categories, or classification. In the field of medicine, cluster analyses are applied for various objectives such as true typology determination, model fitting, prediction based on groups, hypothesis generation, hypothesis testing, data exploration, data reduction, and grouping similar entities. 4 In this study we applied a cluster analysis to classify the audiogram shape in patients with ISSNHL and investigated whether the audiogram shape is a prognostic indicator in the management of ISSNHL.
Patients and methods
We reviewed the medical records of 115 inpatients with ISSNHL who were treated at this hospital between 2001 and 2010. The study population consisted of 56 males and 59 females 11 to 84 years old (mean: 53.3). The diagnosis of ISSNHL was based on criteria AnAlysis of the AudiogrAm shApe in pAtients with idiopAthic sudden sensorineurAl heAring loss using A cluster AnAlysis from the report of the Survey Research Group of Sudden Hearing Loss designated by the Japanese Ministry  of Health and Welfare in 1975 (table 1) . 5 The data collected included age, sex, and duration of hearing loss to the time of treatment, as well as the presence or absence of tinnitus, vertigo, diabetes, nystagmus, and canal paresis. Tinnitus was considered to be absent when patients had suffered from tinnitus before the diagnosis. Canal paresis was diagnosed by caloric test. Pure-tone audiometry was performed at presentation and periodically thereafter. Patients' hearing ability was evaluated using the severity criteria for sudden hearing loss in the Report of the Survey Research Group for Acute Highly Impaired Hearing designated by the Japanese Ministry of Health and Welfare in 1999 (table 2) . 5 The patients received the following treatment regimens. An infusion of sodium hydrocortisone succinate was administered at doses of 750 mg on days 1 to 3; 500 mg on days 4 to 6; 250 mg on days 7 and 8; and 100 mg on days 9 and 10. From the first day of treatment, the patients received an infusion of adenosine triphosphate at a dose of 80 mg/day, and vitamin B12 at a dose of 500 μg/day for 10 days. An infusion of hydroxyethyl starch was administered at a dose of 500 ml on days 1 to 5. Until July 2005, stellate ganglion block (SGB) was performed once a day using 5 ml of 1% lidocaine, for a total of 10 days.
The therapeutic effect was judged by comparing the mean hearing ability at presentation with that observed at the time that the patient's symptoms became nearly stable, based on the hearing improvement criteria described in the Report of the Survey Research Group of Acute Highly Impaired Hearing designated by the Ministry of Health and Welfare in 1985 (table 3).
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Statistical analysis. A hierarchical cluster analysis was performed. The classification is based on the hearing threshold of each frequency on audiograms. The characteristics mentioned previously and the prognosis were compared for each cluster using the Kruskal-Wallis test, Cochran-Armitage test, and chisquare test.
A logistic regression model was used for the prognostic analysis. The independent variables were age, duration of hearing loss to the time of treatment, tinnitus (absent: 0, present: 1), vertigo (absent: 0, present: 1), diabetes (absent: 0, present: 1), grade of severity, nystagmus (absent: 0, present: 1), canal paresis (absent: 0, present: 1), SGB (done: 0, not done: 1), and audiogram shape (crossing horizontally pattern of all tones: 1, up-sloping pattern of low-tone loss: 2; deaf pattern: 3, down-sloping pattern of high-tone loss: 4).
The dependent variable was the prognosis (cured or remarkable recovery: 0, recovery or no change: 1). The calculations were performed using the Excel Statistics software package (Social Survey Research Information Co., Ltd; Tokyo). A p value of <0.05 was considered statistically significant. Ethical considerations. The study protocol was approved by the Ethics Committee of Oita University Faculty of Medicine. The study was carried out retrospectively using a review of the patients' medical charts.
Results
Cluster analysis. Using hierarchical clustering, we classified the audiogram shape into four clusters: cluster 1, crossing horizontally pattern of all tones; cluster 2, up-sloping pattern of low-tone loss; cluster 3, deaf pattern; and cluster 4, down-sloping pattern of high-tone loss.
The average hearing threshold for each of these four patterns on pure-tone audiograms are illustrated in the figure. The hearing ability in the affected and unaffected ear and the hearing improvement of each cluster is shown in table 4.
Characteristics of each cluster. There were no significant differences in the median age or duration of hearing loss to the time of treatment among the four clusters of patients on the Kruskal-Wallis test (p = 0.2168).
There were no sex differences among the four clusters of patients on the Cochran-Armitage test (p = 0.1467).
Sixty-five patients exhibited tinnitus and 50 patients did not. There were no significant differences in the incidence of tinnitus among the four clusters of patients on the Cochran-Armitage test (p = 0.8787). Forty-six patients demonstrated vertigo and 69 patients did not. There was a significant difference in the incidence of vertigo among the four clusters of patients on the Cochran-Armitage test (p = 0.0000).
Twenty-one patients had comorbid diabetes and 94 patients did not. There was no significant difference in the incidence of coexisting diabetes among the four clusters of patients on the Cochran-Armitage test (p = 0.2998).
Caloric tests with electronystagmography were performed in 105 of the 115 patients (91.3%). Thirty-seven patients showed nystagmus and 19 patients displayed canal paresis. There was a significant difference in the incidence of nystagmus among the four clusters of patients (p = 0.0016) and no significant difference in the incidence of canal paresis on the Cochran-Armitage test (p = 0.5922).
(Full data on cluster characteristics are available in table form upon request from the corresponding author.)
Hearing results. A total of 37 patients were cured, 33 patients demonstrated a remarkable recovery, 22 patients achieved a recovery, and 23 patients showed no change, based on the hearing improvement criteria included in the Report of the Survey Research Group of Acute Highly Impaired Hearing designated by the Ministry of Health and Welfare in 1985 (table 3) . 5 Cluster 1 had the best prognosis followed in order by clusters 2, 3, and 4. There AnAlysis of the AudiogrAm shApe in pAtients with idiopAthic sudden sensorineurAl heAring loss using A cluster AnAlysis was a significant difference in the prognosis between the four clusters of patients on the chi-square test (p = 0.0000). Logistic regression analysis. A total of 105 of the 115 (91.3%) patients had complete data for 10 factors. Seventy patients were classified as being cured or showing a remarkable recovery and 35 patients were classified as exhibiting recovery or no change. The audiogram shape was categorized as follows: cluster 1 as 1, cluster 2 as 2, cluster 3 as 3 and cluster 4 as 4. (Full logistic regression analysis data are available in table form upon request from the corresponding author.) The age of the patients (p = 0.0271), canal paresis (p = 0.0031), and audiogram shape (p = 0.0061) showed statistically significant relationships with hearing improvements. The older patients or those with canal paresis had a poor prognosis. The prognosis was better in order of clusters 1, 2, 3, and 4.
Discussion
The etiology of sudden sensorineural hearing loss remains unknown in most patients; such hearing loss is classified as idiopathic. Numerous hypotheses regarding the pathophysiology of sudden hearing loss have been proposed. The most widely accepted theories include vascular compromise, cochlear membrane rupture, and viral infection. 2 While the rate of spontaneous recovery from ISSNHL ranges from 32 to 65% in various studies, steroids are commonly used to treat patients with sudden hearing loss of unknown origin. 6 With systemic corticosteroid therapy, the recovery rate is reported to increase to 49 to 89%. 6 A recent meta-analysis, however, showed a lack of high-quality evidence for the effectiveness of steroids in treating ISSNHL. 7 To date, several studies have reported prognostic factors for ISSNHL, including age, the presence or absence of vertigo, the type and severity of hearing loss, the shape of the audiogram, and the time of treatment initiation. The audiogram shape is thought to be a prognostic factor for ISSHL. Chang et al analyzed 148 affected ears in 146 patients. 8 They categorized the audiogram shape into seven patterns (low-tone, mid-tone, high-tone, lowto-mid tone, mid-to-high tone, flat, and total loss). The patients with mid-tone loss had the best prognosis. In addition, they reported significant relationships between the initial hearing loss pattern and prognosis using the chi-square test.
Nosrati-Zarenoe et al analyzed 208 patients with ISSNHL and identified four frequency regions characterizing hearing loss (low-frequency, mid-frequency, high-frequency, and flat loss). 9 In their study, the patients with hearing loss in the mid-frequency region showed a large improvement (30 dB) compared with those with hearing loss in the high-and low-frequency regions. The authors also reported significant relationships between the initial hearing loss pattern and prognosis using a logistic regression analysis.
Zadeh et al analyzed 51 patients and categorized the audiograms into four sensorineural types: up-sloping, down-sloping, midfrequency, and profound loss. 10 Down-sloping audiograms demonstrated greater hearing loss at 8 kHz vs. 4 kHz; the up-sloping audiograms showed the opposite. Mid-frequency loss appeared as a "U-shaped" pattern on the audiogram. Finally, a sensorineural hearing loss of >90 dB at all frequencies was considered to be profound hearing loss, and Tukey's multiple comparisons post hoc test showed that the outcome was significantly related to age, duration of hearing loss, and audiogram type.
As mentioned previously, the audiogram shape has been demonstrated to correlate with hearing recovery in many studies. Kuhn et al summarized the relationship between the audiogram shape and hearing recovery based on the findings of previous reports and categorized the audiogram shape into four patterns: up-sloping, flat, down-sloping and profound. 2 Higher rates of recovery were observed for the patients with low-frequency (63 to 88%) or mid-frequency (36 to 71%) hearing loss vs. flat (40 to 56%) or down-sloping (19 to 38%) hearing loss.
We believe our classification based on a cluster analysis to be similar to Kuhn's summary. 2 The difference is that the poorest rate of recovery was observed in the down-sloping group in our series. As the classification method was not mentioned in the above report, it is thought to have been empirical. 2 It is interesting that the statistical classification is similar to the empirical classification.
We applied a cluster analysis to classify the audiogram shape in this study. There are several clustering methods. One method begins with as many groups as there are observations and then systematically merges the observations, thus reducing the number of groups by one, two, etc., until a single group containing all observations is formed. This method is hierarchical cluster analysis.
Another method begins with a given number of groups and an arbitrary assignment of the observations to the groups and then reassigns the observations one by one so that each observation ultimately belongs to the nearest group. 11 This method is nonhierarchical cluster analysis. We employed the former, hierarchical cluster analysis in this study. One of the primary advantages of hierarchical algorithms is that they can be used in situations in which the optimal number of clusters is not known beforehand. 4 A common problem in cluster analysis is the difficulty associated with determining the optimal number of clusters in a set of data. Although many attempts have been made to identify the optimal means of determining the numbers of clusters, a completely satisfactory solution has not yet been discovered. As the results obtained by cluster analysis are neither universal nor absolute, they need to be evaluated against a background of validating criteria.
Lee et al applied a cluster analysis to classify the audiogram shapes to improve and integrate shape recognition across various clinical settings. 12 Lee et al used the nonhierarchical cluster analysis (k-means clustering method) in their study of l,633 adults with normal hearing or symmetric sensorineural hearing impairment who underwent pure-tone audiometry. 12 Usually, nonhierarchical cluster analyses are considered when the sample size is very large. The authors showed 11 types of audiogram shapes. Our results are quite different due to differences in both the statistical methods and subjects.
Associations between certain pure-tone audiogram shapes and different etiologies have been suggested. Carhart previously reported the Carhart notch for otosclerosis, 13 and Taylor et al showed a 4-kHz dip for noise-induced hearing loss.
14 In addition, Agrawal et al showed that the presence of both low-and high-frequency sensorineural loss with normal mid-frequencies suggests an etiology of smoking and diabetes mellitus, whereas a l-kHz loss suggests hypertension. 15 Friedland et al suggested that the audiogram shape is a predictor of the cardiovascular status, 16 and de Heer et al have worked to relate age and genes to specific audiogram shapes. 17, 18 These reports suggest a possible connection between the audiogram shape and the etiology of hearing loss and emphasize the need to pay more attention to the configuration of the audiogram.
Kanzaki et al reported that high fibrinogen levels, white blood cell counts, erythrocyte sedimentation rate, and low concentrations of fibrinogen degradation products were associated with lower hearing recovery rates in patients with ISSNHL. 19 They also reported that different audiogram shapes correlated with different blood test factors. Although this study showed four types of audiogram shapes and the prognosis of each in patients with ISSNHL, the underlying etiologies have not been clarified. Further studies may help to clarify the underlying etiologies of ISSNHL.
Conclusion
We classified the audiogram shape into four clusters using a cluster analysis in patients with ISSNHL. Consequently, the audiogram shape exhibited a significant relationship with hearing improvement. Further studies are required to confirm the underlying etiology accounting for each audiogram shape.
